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FIELD OF THE INVENTION 

[0001] The present invention relates generally to prosthetic devices, in particular, 
to articulated endoprosthetic devices, such as those suitable for implantation in 
skeletal joints. 

CROSS REFERENCE 

[0002] This application is a continuation-in-part of U.S. application Serial No. 
09/923,891, filed August 7, 2001, and Serial No. 09/924,298, filed August 8, 2001, 
the entire contents of each of w^hich are incorporated herein by reference. 

BACKGROUND 

[0003] The need for endoprostheses (prostheses that are implantable) in human 
joints may arise fi'om degeneration of the joint due to disease or wear, or as the result 
of fracture of one or more bones forming the joint. The endoprosthesis replaces one 
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or more elements of the joint, frequently providing an artificial surface to bear against 
another element of the joint, or an element of the prosthesis. 

[0004] Because many endoprosthesis designs involve surfaces that articulate with 
respect to each other, these surfaces are subject to wear, i.e., to removal of material 
fi*om the surfaces as the result of contact with, and movement with respect to, other 
surfaces in the joint. This wear can generate material known as "wear debris," which 
are small particles of material that, in some cases cause health problems if released 
into the body. Some wear debris results from normal contact between surfaces of an 
articulating endoprosthesis during conditions of use, such as movement between the 
bearing surfaces of the endoprosthesis. Wear debris can also result from impact 
between elements of the endoprosthesis, either during normal use conditions, or 
during more extreme conditions, such as conditions subjecting the joint to unusual 
movement or shocks. Wear debris can also result from frequent movement of the 
endoprosthesis beyond its designed range of motion and from multiple components 
wearing against each other. 

[0005] Wear debris particles can be found in macrophages (if the debris particles 
are small enough in size), or in tissue near or around the prosthesis. Inflammatory 
tissue responses to wear debris (perhaps enabled by inflammatory mediators released 
by the macrophages) are believed to contribute to bone resorption and some forms of 
prosthetic loosening, and thus to the resulting need for revision surgery. The amount 
and type of wear debris generated by various endoprosthesis designs is a parameter 
that is evaluated in assessing whether such designs should be approved for use. 
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[0006] The degree to which a design may generate wear debris is therefore a 
parameter that must be balanced against other design considerations for the device. 
These include materials biocompatibility, mechanical/physical properties, geometry 
of the endoprosthesis, manufacturing considerations, and the like. 
[0007] It is also desirable to allow the endoprosthesis to withstand heavy loading 
while retaining excellent wear and load supporting characteristics, inter alia, in order 
to make the design more suitable for use in the lumbar region of the spine, where 
loads are significantly higher than in the cervical spine. 

SUMMARY 

[0008] This invention relates to a body member for an implantable endoprosthesis. 
In one embodiment, the implantable endoprosthesis is adapted to articulate with one 
or more prosthesis surfaces, which is at least partially formed from a material having 
high wear resistance, which may be a polymeric material, such as ultra-high 
molecular weight polyethylene (UHMWPE), which may be crosslinked or 
uncrosslinked, polyetherether ketone (PEEK), and the like, or a metallic material, 
such as a cobalt-chrome alloy, or a ceramic material, such as alumina or zirconia. 
[0009] In another embodiment, the body member of the endoprosthesis may be 
formed from a composite material, and contains at least a first component formed 
from a first material, which has increased wear resistance as conipared to that of a 
second material forming a second component of the body member. The second 
material is generally more resilient (i.e., has greater elasticity, increased damping, or 
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both) as compared to the first material. The first material is also typically more 
lubricious and often harder than the second material. 

[0010] In a specific embodiment, the body member is composed of two materials 
having a central component formed from the second material disposed between two 
outer components formed from the first material. 

[0011] In another specific embodiment, the body member is a composite material 
having a central component formed from the first material disposed between or 
around at least one outer component formed from the second material. Additional 
layers of a wear resistant material, e.g., additional layers of the first material or 
another material more wear resistant than the second material, can be disposed on one 
or more outer surfaces of the second material. 

[0012] The embodiments allow for the construction of an implantable 
endoprosthesis having one or more elements that articulate relative to the body 
member of the endoprosthesis such that the surfaces of the body member that have the 
highest degree of moving contact with other surfaces (and thus more likely to 
encounter conditions that can generate wear debris) have a high lubricity and wear 
resistance. Portions of the body member unlikely to encounter significant contact and 
motion with other endoprosthetic surfaces can be chosen from among materials that 
provide high resiliency (high elasticity and/or damping). 
[0013] The invention also relates to a surgical procedure and instruments for 
implanting the endoprosthesis of the invention, and to a method of implanting an 
endoprosthesis into a joint, including: obtaining surgical access to the interior of the 
joint, preparing the interior of the joint to receive an implantable endoprosthesis, 
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introducing the implantable endoprosthesis described above into the interior of the 
joint. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] The invention can be more clearly understood by reference to the drawings 
as described below. The drawings are intended to be illustrative, and not limiting, of 
the scope of the invention. 

[0015] Fig. 1 is a perspective view of one embodiment of a composite central 

body of an endoprosthesis according to the invention. 

[0016] Fig. 2 is a cross-sectional view along line A- A in Fig. 1 . 

[0017] Figs. 3A and 3B are cross-sectional views of altemative embodiments of 

composite central body according to the invention, showing two different thicknesses 

for various elements of the central body, and various retention features. 

[0018] Fig. 4 is another cross-sectional schematic view of an embodiment of the 

central body, wherein the outer elements contain retention features along the outer 

rim of the outer elements that retain the resilient material when it is under 

compression. 

[0019] Fig. 5A and 5B are cross sectional views of two altemative embodiments 
of composite central body according to the invention. Fig. 5A shows a central body 
having two outer elements of highly wear resistant material surrounding a central 
element of a resilient elastomeric material. Fig. 5B shows a central body similar to 
that of Fig. 5 A, but schematically illustrates a variety of retention features not shown 
in Fig. 5 A, and providing greater thickness of elastomer between the outer elements. 
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[0020] Fig. 6A is a cross-sectional view of another alternative embodiment of the 
composite central body having relatively large outer elements and a central element 
made of an elastomeric 0-ring. Fig. 6B is a cross-sectional view of a modification of 
the embodiment of Fig. 6A, containing outer elements that are adapted to be snap fit 
and held in place by the compressive force exerted by the 0-ring (not shown). 
[0021] Fig. 7A is a perspective view of the outer elements of another embodiment 
of a composite central body of an endoprosthesis according to the invention. Fig. 7B 
is a perspective view of the central element corresponding to the outer elements 
shown in Fig. 7A. 

DETAILED DESCRIPTION 

[0022] In one embodiment of the invention, the central body of the endoprosthesis 
contains a first component, formed fi-om a first material having higher wear resistance 
than a second material, which forms a second component of the body member of the 
endoprosthesis. The second material will generally have a higher resiliency or 
elasticity than the first material. 

[0023] In general, the first material will be harder than the second material, as 
harder materials tend to have better wear resistance than softer materials. In addition, 
the first material will tend to be very lubricious, typically as lubricious or more 
lubricious than the second material. However, hardness is not an absolute 
prerequisite to increased wear resistance, which can result fi-om a number of different 
factors. It is possible for the two materials to have similar hardnesses, but very 
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different wear resistances, due to other factors such as lubricity, grain structure, 
wettability, and the like. 

[0024] In effect, the first material is used to form one or more components of the 
body member of the endoprosthesis that are designed to contact other elements of the 
endoprosthesis during articulation. This contact has the potential to generate wear 
debris, and this potential is decreased by employing the wear resistant first material at 
the articulation surfaces of the body member, 

[0025] In general, the second material has high resiliency, and is used to form 
other components of the body member where high wear resistance is not as critical, 
because the likelihood of contact with other surfaces under is low. The second 
material provides beneficial elasticity and dampening effects to the endoprosthesis, 
and absorbs compressive and shear forces encountered by the endoprosthesis after 
implantation. In addition, the second material can be used in areas of the 
endoprosthesis that are likely to undergo vibration or impact with other elements of 
the endoprosthesis, but unlikely to experience surface, articulating wear. The higher 
resiliency and generally lower hardness of the second material can decrease the level 
of wear debris generated from impact. 

[0026] The first material may be selected from a range of biocompatible materials 
that provide resistance to formation of wear debris under conditions that the 
endoprosthesis will encounter after implantation. Suitable materials will, of 
necessity, depend somewhat on the geometry of the endoprosthesis, the materials 
selected for other endoprosthesis components (in particular those that will articulate 
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with the body member of the endoprosthesis), the magnitude and/or direction of 
stresses expected to be encountered by the endoprosthesis, and other factors. 
[0027] In a particular embodiment, the endoprosthesis contains a central body 
disposed between two endplates or "shells" that articulate with respect to the central 
body. The shells may be formed of metals, polymeric materials, ceramics, or 
combinations thereof The shells are formed so as to contact the existing elements of 
the joint, in particular, the ends of the bones of the joint, in a way that the shells are 
substantially immobilized with respect to the bones of the joint. The bones and the 
attached shells move together with respect to the central body as the shells articulate 
with respect to the central body. As an example, the shells can be formed from 
titanium or other biocompatible metal or alloy, and may have a porous coating formed 
on one or more outer surfaces thereof, so as to promote fixation via bone growth into 
the porous coating. 

[0028] Desirably, the inner surfaces of the shells have been treated to make them 
smooth, increase their lubricity, or both. For example, the interior surfaces may be 
polished, coated, or comprise inserts of material different from the remainder of the 
shell, in order to provide a smooth, wear resistant surface and decrease the likelihood 
of generating wear debris during articulation. 

[0029] In this embodiment, the first material may be any material that will exhibit 
high wear resistance during contact with elements of the shell. Examples include 
polymeric materials having molecular weights ranging from about 5.0 x 10E5 
grams/mol to about 6.0 x 10E6 grams/mol more particularly about 4.0 x 10E6 
grams/mol, modulus of elasticity ranging from about 0.7 to about 3.0 GPa, and cross 
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linking density ranging from 0 to about 50 % (as measured by the swell ratio). 
Examples of such polymers include ultra-high molecular weight polyethylene 
(UHMWPE), which may be crossUnked or uncrosslinked, polyetherether ketone 
(PEEK), and the like. Other examples include metallic materials, such as cobalt- 
chrome alloys, and ceramic materials, such as alumina or zirconia. 
[0030] The second material, as used in this embodiment, is an elastomeric 
material such as a polyurethane, more particularly a polycarbonate polyurethane (e.g., 
an aromatic polycarbonate polyurethane) or polysiloxane polyurethane; a silicone; a 
polyolefin such as polyethylene; or a hydrogel. Desirably, the second material has a 
hardness of at least about 75A Durometer (Shore scale), more particularly, a hardness 
ranging from about 80A to about 65D. 

[0031] In one embodiment of a central body for use in an endoprosthesis in 
connection with articulating shells, the central body contains a central component 
formed from the second material, disposed between two outer components formed 
from the first material. These outer components form wear resistant "caps" that 
provide wear surfaces for contact with the articulating shells. The thickness of the 
caps is sufficient to provide adequate usefiil life for the endoprosthesis, but not so 
thick as to significantly decrease the level of elasticity provided by the resilient 
second material. Typical thicknesses for the layers of first material range from about 
0.25 mm to about 7 mm. 

[0032] The caps desirably have a geometry that provides a smooth outer bearing 
surface for contact with the shells of the endoprosthesis, as indicated above. In 
addition, the cap geometry may contain elements that help to retain the cap in ideal 
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alignment with the central component (i.e., the elastomeric "core" of the central 
body), or may be simply be inset into the central component and held in place by 
compressive forces (either those exerted on the cap by the resilient material 
surrounding the inset, or those exerted on the cap by the shells of the endoprosthesis 
or both). 

[0033] These concepts can be further understood by reference to the drawings. 
Fig. 1 through Fig. 4 show a central body particularly suited for use in an articulating 
endoprosthesis for use as a lumbar intervertebral endoprosthesis. Fig. 5 through Fig. 
7 illustrate a central body particularly suited for use in an articulating endoprosthesis 
for use as a cervical intervertebral disc endoprosthesis. It will be understood, 
however, that the central body concepts illustrated are not limited to use in 
endoprostheses implanted into these levels alone, and in fact are not limited to 
intervertebral endoprostheses, but can be used or adapted for use in other 
endoprotheses, e.g., for implantation in other joints. 

[0034] Fig. 1 is a perspective view and Fig. 2 is the corresponding cross-sectional 
view along line A- A, illustrating an embodiment of the invention wherein the central 
body 10, which is adapted to be disposed between two articulating shells (not shown), 
has a first outer element or "cap" 20, a second outer element or "cap" 30, both made 
of wear resistant first material, and a resilient central element or "core" 40, made of 
resilient second material. Central openings 50, 55 are adapted to cooperate with a 
retaining element disposed on the inner surface of the corresponding shell (not 
shown) to limit the motion of the shell with respect to the central body. 
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[0035] The distance d between the closest portions (as illustrated, the edges) of 
first cap 20 and second cap 30 should be sufficient that the amount of resilient second 
material therebetween can provide the desired height under expected load and 
compression conditions before the edges of the caps come into contact. As 
illustrated, inner surfaces 60 of caps 20 and 30 are curved, and the radius of this 
curvature may be the same as or different from that of the outer surfaces 70 of the 
caps 20, 30, but corresponds closely to the radius of curvature of the surface of core 
40. As compressive stress is exerted against the outer surfaces of caps 20, 30, this 
stress will be transferred to the core 40. Core 40 will tend to respond to this stress by 
undergoing strain. Because the second material forming core 40 is resilient, some of 
this strain will be in the lateral direction, toward the edges of the core. The curved 
inner surfaces of the stiffer caps tend to limit this lateral strain, and to resist shear 
stresses in the core. 

[0036] Fig. 2 illustrates an optional feature of the invention, namely that central 
opening 55 can extend some distance 80 into core 40. This allows the use of a shell 
having retaining elements such as a retaining post having a reverse-taper or other 
geometry with some form of lateral extension near the tip thereof, and which will 
extend into central opening 55 (and which can be, e.g., snap-fit into central opening 
55). This retaining post geometry combined with the extension of the central opening 
55 into core 40, can reduce the generation of impact debris, because the wider 
diameter edge of the retaining post comes into contact with the resilient second 
material of the core, rather than the harder first material of the cap. The internal 
geometry of the central opening can be adapted to provide the desired limit of motion 
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for the articulation of the endoprosthesis. It will be understood that this feature is 
illustrated with respect to only one central opening for ease of understanding and 
comparison, and if the feature is included, it would likely be included with respect to 
both central openings, be they through holes, blind holes or any combination. 
[0037] Figs. 3A and 3B disclose two altemative embodiments of a central body 
according to the invention. In Fig. 3 A, caps 20, 30 are relatively thick, while core 40 
is relatively thin, as compared to the central body shown in Fig. 3B. Inner surface 60 
of the caps shown in Fig. 3 A has less curvature than that of the caps shown in Fig. 
3B. However, both embodiments show a retaining feature for mechanically locking 
the caps to the core. The inner surfaces of caps 20, 30 form circumferential lip 
flanges 90 around central openings 50, 55. The resilient core 40 contains 
corresponding circumferential lip flanges 100 (which may be formed during an insert 
molding process). The lip flanges 90, 100 engage to hold caps 20, 30 into close 
contact with core 40, and help to prevent detachment and/or delamination. 
[0038] Figs. 3a and 3b also illustrate another optional feature of the invention, 
namely that the thickness of caps 20, 30 can vary in the radial direction. As 
illustrated, caps 20, 30 are thicker near central openings 50, 55 than near the 
peripheral edge. Thicker caps can provide an increase in durability and wear 
resistance, but will likely result in a decrease in resiliency, since for a given volume 
of central body and a given second material, there will be a smaller amount of second 
material present to provide resiliency if the thickness of the caps in increased. Caps 
that are thicker toward the central openings 50, 55 provide increased durability in 
areas of the device more likely to come into contact with the shell or retaining devices 
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of the endoprosthesis. By making the caps thinner toward their periphery, a greater 
proportion of the thickness of the endoprosthesis is made of the more resilient second 
material in regions of the endoprosthesis where avoiding contact between the caps is 
of greater concem. 

[0039] Fig. 4 illustrates an alternative embodiment of central body 10, having lip 
flanges 1 10, 120 located on the outer rim of the caps 20, 30, and in the corresponding 
portion of core 40. As the core is compressed, the lip flanges help to limit shearing 
strain of the core material relative to the cap, and help to secure the caps to the core. 
[0040] Fig. 5 A illustrates another embodiment of a central body 10 according to 
the invention and having caps 20, 30, and core 40 disposed therebetween. Caps 20, 
30 contain retention elements that are lip flanges 130 disposed around the edge of 
central opening 150 (not shown in Fig. 5 A). These flanges contain axially extending 
element 135 and radially extending element 137, and cooperate with corresponding 
notches formed in core 40 to help prevent caps 20, 30 from detaching from core 40. 
Either the caps or the core may be insert molded, so that the flanges and 
corresponding notches are closely fit, or the components may be formed separately 
and assembled as in a snap-fit arrangement. 

[0041] Fig. 5B is a cross-sectional view that schematically illustrates two 
additional embodiments of retention features in central bodies according to the 
invention. Cap 20 has flange 160 disposed along its outer edge. Flange 160 contains 
an axially extending portion 170 and a radially inward extending portion 180. Cap 30 
contains radially extending lip flange 190 disposed around the edge of the central 
opening 150, and axially extending element 200 disposed around the outer edge of 
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cap 30. Lip flange 190 contains axially extending element 195 and radially extending 
element 197. It will be understood that Fig. 5B is schematic, and that for ease of 
manufacturing, both caps 20, 30 may have the same retaining features, and may in 
fact be mirror images across reflecting plane B-B. These retention elements 
cooperate with corresponding notches formed in core 40 to retain caps 20, 30 in 
contact with core 40. It will also be understood that combinations of portions of these 
retention elements can be used. For example, retention element 160 could be used in 
combination with retention element 190, replacing retention element 200. 
[0042] Fig. 6A illustrates an embodiment of a central body wherein the outer caps 
20, 30 are formed of the first material, and are considerably thicker than the caps 
shown in Fig. 1 through Fig. 5. The outer caps 20, 30 include recesses 210 for 
retaining and engaging with the central body 40, which in the present embodiment is 
an 0-ring or toroid of the second, more resilient material. Since the upper and lower 
caps 20, 30 are larger than in the previously-described embodiments, and the first 
material thereby comprises a greater proportion of the endoprosthesis 10, exceptional 
wear resistance can be provided. This embodiment provides additional wear 
resistance along the outer concave surfaces of the endoprosthesis 10, while still 
providing for sufficient resiliency. 

[0043] Fig. 6B illustrates an altemative embodiment wherein upper and lower 
caps 20, 30, respectively, are held together by a snap-fit. In the illustrated 
embodiment, the cap 30 includes a lip 212 for engaging with a flexible protrusion 214 
of the cap 20. In this way, the endoprosthesis 10 can be assembled with the central 
body 40 inside the recesses 212 and secured with the snap-fit engagement of the lip 
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212 and protrusion 214. Also, even after engaged, the caps 20, 30 can be pressed 
closer to each other, such as during normal loading from use in the spine. 
[0044] Figs. 7A and 7B illustrate yet another embodiment of the invention. The 
upper cap 20 includes four sleeves 210 for slidably engaging with four corresponding 
posts 220 of the lower cap 30. The posts 220 and sleeves 216 can be positioned within 
four corresponding openings 222 in the resilient core 40. As described below, the 
resilient portion 40 can be introduced between upper and lower portions 20, 30 by 
various techniques, e.g., by insert molding. The posts 220 and sleeves 210 help to 
prevent any lateral relative motion between the two caps 20, 30, while allowing 
longitudinal motion 224 between the two. In this way, compressive motion can be 
provided while maintaining lateral rigidity. 

[0045] In another embodiment of the invention, the central body can contain a 
central component formed from the first material, disposed between outer 
components formed from the second material. Such an arrangement might be 
desirable, e.g., in a device where a portion of the central component extends radially 
from the center of the endoprosthesis, forming a circumferential ridge, in order to 
limit or prevent contact between the edges of the shells, e.g., when the endoprosthesis 
meets or exceeds its desirable range of motion. In such a device, the radial extension 
of the central component will contact the shell edge(s), which can result in wear. 
Making some or all of this portion of the device from a wear resistant material (i.e., 
the first material) can limit or avoid generation of wear debris that results from 
subjecting the endoprosthesis to extreme range of motion. 
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[0046] In the embodiments of the invention disclosed above, the central body can 
be made by a variety of techniques, such as insert molding, injection molding and 
machining and assembly, and the like. The design of the central body, as well as the 
difference in physical properties of materials, makes insert molding particularly 
attractive. For example, the embodiment of the invention wherein wear resistant caps 
are to be disposed around an elastomeric core can be made by forming the end caps 
using any acceptable technique (e.g., injection molding followed by machining), 
disposing the harder, higher melting caps into an insert mold, and injecting molten 
elastomeric material into the mold cavity between the caps 
[0047] As an example, UHMWPE is formed into caps, which are machined as 
necessary to obtain the desired shape, and introduced into the mold cavity of an 
injection molding machine. The mold is then closed, and polycarbonate polyurethane 
material (e.g., Chronoflex C80A) is introduced into the mold cavity between the caps 
at a temperature of about 450 and a range of pressure correlating the geometry of 
the cavity and rate of injection. Temperature in the mold is monitored and adjusted as 
needed, and after approximately 1-2 minutes, the mold is opened and the central body 
is withdrawn and any flashing removed. The resulting central body can then be 
assembled into an endoprosthesis by disposing it between two compatibly shaped 
endplate shells. 

[0048] The endoprosthesis can be provided as part of a kit, which may include one 
more surgical instruments designed to locate and prepare the joint space, and implant 
the endoprosthesis therein. Suitable instruments for preparing an intervertebral disc 



17 



Attorney Docket No. : 3 1 1 32. 1 29 
Customer No. 27683 

space and implanting therein an intervertebral endoprosthesis are disclosed in U.S.. 
Serial No. 09/923,891, filed August 7, 2001. The surgical method, as described in the 
cited patent application, includes precisely locating the site of the endoprosthesis, 
performing at least a partial discectomy, preparing the endplates of the vertebral 
bodies to correspond to the geometry of the outer surface of the shell, and implanting 
the endoprosthesis. Similar procedures can be used to implant endoprostheses in 
other joints. 
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